This study investigated the impacts of human activities, especially water resources development, and climate variation on the runoff reduction and its spatial variability in the Huaihe Basin, the sixth largest river basin in China, which is also an important agricultural area in Eastern China. The annual runoff had statistically negative trends at all hydrological stations located on the main river and the major tributaries, which ranges from −0.13 to −1.99 mm year -1 . The Budyko-based approach was employed to quantitatively differentiate the runoff reduction driven by human activities and climate variation. Results showed that the precipitation decrease contributed to the runoff reduction in all study sub-catchments. However, significant reductions of the annual runoff in some sub-catchments were mainly caused by the human activities rather than the precipitation decrease. Spatial variability of hydrological changes were closely related to different types of human activities especially irrigation and water diversion. In the southern sub-catchments, water diversion played a significant role in runoff reduction, while agriculture irrigation was the relatively dominant driving factor in the northern sub-catchments. The results show the complexity in the catchment hydrological response to the changes in climate forcing and human water resources development and the effectiveness of the Budyko-based approach for attribution analysis.
Introduction
Runoff in a catchment is controlled by meteorological, topographical, geological and land-use factors as well as changes in the basin-scale hydrological cycle induced by human interference. Meteorological factors govern the weather and climate which, respectively, determine their short-and long-term variations. Topographical and geological factors generally remain unchanged within the time scale of interest to hydrologists. Land-use factors are generally controlled by human activities although in remote and forested catchments they may depend upon the type of natural vegetation. Other factors caused by human interference include water infrastructure development such as diversions from/to catchments, reclamation work, construction of dams and reservoirs and other activities that disturb or alter the natural drainage pattern.
In recent years, climate change, or global warming in particular, has become a hot topic. Various changes that take place in the hydrosphere have been attributed to climate change. While the issue of global warming has received endorsements as well as criticisms over the years (e.g. Jayawardena 2015) , it is a fact that discernible changes are taking place in some parts of the Earth system. Rising temperature, changes in precipitation patterns, extreme flooding and changes of runoff in rivers in some regions are often cited examples (Milly et al. 2007 ). An understanding of the long-term changes in runoff is important for optimal management of available water resources under such a changing environment.
An important question posed to hydrologists and water managers in this context is how the changes in catchment runoff can be partitioned into individual components caused, respectively, by changes in climate, land use and other anthropogenic factors. The focus of this paper is to address the issue of changes in runoff caused by anthropogenic factors with particular reference to the Huaihe Basin in the eastern part of China.
Changes in landscape of a catchment can be due to natural changes of vegetation, cultivation of agricultural crops as well as due to afforestation and deforestation. Several studies have shown that land use/cover change can result in changes in flood frequency (Brath et al. 2006) , baseflow (Wang et al. 2006) and mean annual runoff (Costa et al. 2003) . It also affects the partitioning of precipitation (P) between evapotranspiration (E) and runoff (R) at catchment scale (Donohue et al. 2010) . Based on the historical land-use data and global river runoff trends, Piao et al. (2007) found that change in land use played an important role in controlling regional runoff, particularly in the tropics. The changes in land use/cover in the Loess Plateau of China accounted for more than 50% of the reduction in annual runoff (Zhang et al. 2008) . Several other studies have also been carried out elsewhere for analysing the catchment hydrological responses to afforestation and deforestation (Hewlett et al. 1969 , Van Lill et al. 1980 , Scott and Lesch 1997 , Li et al. 2012 , Sun and Liu 2013 . Most of such studies indicated that catchment runoff significantly increased after deforestation and, as expected, decreased after afforestation. Water infrastructure development such as construction of dams and reservoirs, and diversion from/to can also affect the runoff (Graf 1999 , Adel 2001 . For example, it is reported that large reservoirs constructed can have comparable evapotranspiration with a forested land cover at an annual time scale in humid-subtropical climates (Degu et al. 2011) .
One of the approaches aimed at quantifying the effect of climate and human influences is to carry out a sensitivity analysis of the runoff due to changes in parameters/data of a well-tested hydro/biological model (Cong et al. 2009 , Wang et al. 2009 , Ma et al. 2010 . However, it is difficult to implement this approach for a number of reasons. Firstly, the appropriate physical/biological processes involved at the catchment scale are not well understood; secondly, if the processes are parameterized, there will be too many parameters that need calibration; thirdly, sufficient fine-resolution field data are not available. An alternative approach is to use the elasticity-based method, initially proposed by Schaake and Waggoner (1990) , which uses elasticity coefficients, as postulated in the Budyko hypothesis, to represent the sensitivity of runoff to variations of meteorological factors (Dooge et al. 1999) , and non-parametric statistical methods using long-term historical data to establish the regression relationships between meteorological data and hydrological data.
The Budyko hypothesis, which leads to a functional relationship describing the nonlinear interaction of climate, hydrology and catchment characteristics, has been widely applied to analyse runoff change using the concept of elasticity as an indicator of the sensitivity of runoff to climate and land cover changes (Arora 2002 , Dooge et al. 1999 , Zhang et al. 2008 , Yang and Yang 2011 , Li et al. 2012 . In these studies, the impact of human activities has been simply estimated by subtracting climate impact from the total runoff change. Roderick and Farquhar (2011) derived an analytical expression for the effects on evapotranspiration of perturbations in precipitation, potential evapotranspiration and a parameter representing the catchment properties, concluding with a qualitative description about the impact of changes in catchment properties on water availability. Xu et al. (2014) expanded the work of Roderick and Farquhar (2011) by deriving the climate and landscape elasticities of runoff from the differential form of the Choudhury-Yang equation (Choudhury 1999 , Yang et al. 2008 . However their methods were merely applied to relatively natural catchments with little human intervention.
The objective of this study is to analyse the runoff change driven by landscape change, human water use and climate variation in the Huaihe Basin of China, which is an important agricultural area in eastern China that has undergone rapid development of agriculture and construction of water infrastructure during the past decades, and where the relative contributions of climate and human interventions to the observed changes in runoff remain unclear. In this study, the changes in annual runoff in the last five decades in the selected 14 sub-catchments of the basin are first studied by trend and homogeneity tests. Next, the attribution method proposed by Xu et al. (2014) is applied in the 14 sub-catchments to assess the impacts of changes in landscape, climate and water infrastructure on catchment runoff. Finally, a qualitative description is given of how water availability change under changing landscape, human water use and climate conditions, with a focus on the spatial variability of relative contributions from climate variability, landscape change and water diversion to annual runoff change within the basin.
Methodology

Trend and homogeneity
In order to understand the long-term behaviour of the hydrological and meteorological processes, tests were carried out to detect the presence of any trends and/or abrupt changes in the observed time series of precipitation, runoff and estimated evapotranspiration. The non-parametric MannKendall test (Mann 1945 , Kendall 1975 , which is a test to detect trends in which a statistic S for a time series of data x 1 ; x 2 ; . . . ; x N , is defined as:
was used in this study. The significance of the test statistic is evaluated under the null hypothesis that there is no trend in the time series of data. For the detection of abrupt changes, a test for homogeneity of the data series was carried out. For this, the Pettitt test (Pettitt 1979) , which is also a non-parametric test, was used. In this test, the statistics S k are calculated from ranks r 1 ; r 2 ; . . . ; r N of the series x 1 ; x 2 ; . . . ; x N :
Test statistic S k* is defined as
In this test too, the significance of the statistic is evaluated under the null hypothesis that there is no abrupt change.
The Budyko hypothesis
The long-term relationship between precipitation, runoff and evapo transpiration can be represented by a water balance equation of the form:
where the over-bar indicates the long-term average values and the term R includes all forms of runoff. Assuming that the ratio of actual evapotranspiration to potential evapotranspiration (E 0 ) can be expressed as
which may be simplified to:
equation (7), may be considered as the Budyko hypothesis (Budyko 1974 , Dooge et al. 1999 . Several other mathematical functions have also been proposed to represent the Budyko hypothesis (e.g. Pike 1964 , Fu 1981 , Milly 1993 , Zhang et al. 2001 . The ChoudhuryYang equation (Choudhury 1999 , Yang et al. 2008 , which takes the form:
is one of them and is used in this study. The potential evapotranspiration (E 0 ) in equation (8) is calculated using the Penman equation as suggested by Shuttleworth (1993) , which can be written as:
where R n is daily net radiation converted into evaporated water equivalents (mm d ). The values of the ratio (γ/Δ) are tabulated in many text books and the units of temperature may be K or°C.
The net radiation R n , i.e. the difference between the incoming and reflected solar radiation, plus the difference between the incoming longwave radiation and outgoing longwave radiation, is given by:
where R s the net shortwave radiation; α is the albedo, a correction made for the reflectivity of the receiving surface, here set at 0.08; and R t is the net outgoing long-wave radiation referred to as back radiation.
The net shortwave radiation R s received at the evaporating surface is given by:
where a s and b s are empirical constants, h is the actual number of hours of sunshine, H is the maximum possible number of hours of sunshine, and R a is the solar radiation received at the top of the atmosphere. The values of a s and b s are set at 0.16 and 0.53, respectively, in the Huaihe Basin, according to Chen et al. (2004) . The back radiation R l is estimated using theoretical black body radiation σT 4 , modified by a function of sunshine, and takes the form (Shuttleworth 1993) :
where σ is the Stefan-Boltzmann constant (4.903 × 10 -9 MJ m -2 K -4 ); and T is the absolute air temperature (K).
The parameter n in equation (8) is an empirical coefficient that represents catchment properties such as topography, soil, geologic substrate and vegetation (Yang et al. 2009 ) known to influence runoff generation in natural catchments. It can be estimated by an iterative trial-and-error procedure by assuming different values of n, calculating E from equation (8) using observed values of P and calculated (equation (9)) values of E 0 , and comparing with the values of actual evapotranspiration obtained from the longterm water balance equation (equation (5)) until the error between the two converges to a prescribed value.
Attribution analysis based on the ChoudhuryYang equation
The Budyko hypothesis together with the water balance equation enables the estimation of sensitivity of runoff to perturbations in precipitation and potential evapotranspiration. In equation form, this may be expressed as:
where ε P and ε E 0 are referred to as the elasticities of precipitation and potential evapotranspiration (sometimes referred to as the sensitivity factors for perturbations in precipitation and potential evapotranspiration) (Dooge et al. 1999) . Since the actual runoff change may be due to changes in precipitation, potential evapotranspiration and catchment land use/cover, equation (13) may be extended to take into account the changes in land use/cover as:
where ε n represents the landscape elasticity of runoff; P, E 0 and R are the mean annual precipitation, potential evapotranspiration and runoff; ΔP, ΔE 0 and Δn are the changes in mean annual precipitation, potential evapotranspiration and parameter n between two time periods. Using the long-term water balance equation and Choudhury-Yang equation, the elasticity coefficients have been shown to be (Xu et al. 2014) :
The Budyko analysis is based on the assumption of constant water storage over long-term annual averages and is usually applied in a natural basin (Budyko 1974 , Dooge et al. 1999 , Xu et al. 2014 . Human activities such as agricultural irrigation and afforestation/deforestation may change the natural water flow-path and influence catchment water and energy budgets, but it will reach a new balance over a long-term period. Thus we are also able to hold this assumption, and their effect on runoff can be estimated together with other catchment landscape changes by using the method introduced above. equation (14a) can be modified to take into account any water transfer from/to the catchment as part of the total runoff (observed runoff plus water transfer) since R in equation (5) represents all forms of runoff. equation (14a) then takes the form:
where ΔR transfer represents water-transfer-induced runoff change.
Application
Study area
The methodology proposed in this study is applied to the Huaihe Basin, the sixth largest river basin in China, which has a drainage area of 274 000 km 2 , and is situated between the latitudes 31-36°N and longitudes 112-121°E, and which is an important agricultural area in China. This basin is located in the north-south transition climate zone with the northern part belonging to a sub-humid warm temperate monsoon climate zone and the southern part belonging to a sub-tropical monsoon zone. The mean annual precipitation in the basin is high in the south and low in the north, with a catchment average value of 920 mm year -1 . The rainy season (JuneSeptember) accounts for 50-75% of the annual total precipitation (Zhang et al. 2013) . Figure 1 shows the topography and river network of the Huaihe Basin in which the locations of the hydrological stations for the 14 sub-catchments studied are indicated. The basic characteristics of the 14 sub-catchments are given in Table 1 . The drainage areas of the subcatchments range from 1400 to 121 330 km 2 and their aridity indices (E 0 /P) range from 0.7 to 1.4.
Data used
Topographic, hydrological, meteorological, land-use and vegetation data, and water infrastructure information were collected and processed as follows. The digital elevation model (DEM) with a horizontal resolution of 90 m and a vertical resolution of 1 m, obtained from the global topography database, was used to simulate the catchment topography. Climate data for the period 1960-2011 including daily precipitation, air temperature, wind speed, solar radiation and relative humidity were obtained from the China Meteorological Administration (CMA). Annual discharge data at the 14 hydrological stations in the period of 1960-2011 were obtained from the Hydrological Bureau of the Ministry of Water Resources of China. The land use/ cover map in 1995 at a scale of 1:210 000 was provided by the Data Center for Resources and Environmental Sciences in the Chinese Academy of Sciences (Fig. 2) . The 16-day composite data of NDVI (Normalized Difference Vegetation Index) from 1982 to 2011 were obtained from the GIMMS (Global Inventory Modeling and Mapping Studies) dataset which is derived from imagery from the Advanced Very High Resolution Radiometer (AVHRR). Water infrastructure information and water diversion data were collected from the local hydrological bureau.
Results and discussion
Hydrometeorological trend and breakpoint
Trend analysis (Table 2) ). Homogeneity analysis indicated significant abrupt changes in annual runoff in five of the 14 sub-catchments studied, with the breakpoint between 1984 and 1992, and with the change occurring around the year 1990 for most catchments. Figure 3 shows the annual runoff and precipitation during the period 1960-2011 in the 14 sub-catchments studied with significant abrupt changes of annual runoff. These results suggest that the decrease of catchment runoff cannot be explained by the changes of P and E 0 alone. From field conditions, it is also known that the catchments with significant abrupt changes in runoff (nos 7-8, nos 12-14) had relatively strong human activities (see Fig. 4 ). As shown in Fig. 4 , the land-use change impact (ΔR land ) and water transfer impact (ΔR transfer ) in these sub-catchments are more significant than in other sub-catchments.
Sensitivity of catchment runoff to the changes in climate and landscape
Elasticity of climate and landscape is a sensitivity indicator of catchment runoff change. As shown in Table 1 , the precipitation elasticity (ε P ) ranged from 1.59 to 2.88 (2.25 on average), implying a 1% increase in annual precipitation inducing a 1.59- Fig. 1 (ns: the nonsignificant breakpoint; *: the significant breakpoint at 5% significance level in the annual runoff data series). Quantitative contributions of the change in precipitation (ΔR P ), potential evaporation (ΔR E 0 ), landscape (ΔR land ) and water diversion (ΔR transfer ) on the runoff reduction for the 14 sub-catchments (1-6 located in main stream, 7-10 located in the southern tributaries and 11-14 located in the northern tributaries).
2.88% increase in annual runoff. It is found that catchments with relatively high precipitation elasticity have relatively dry climate (aridity index E 0 / P > 1). Potential evapotranspiration elasticity (ε E 0 ) ranged from −0.59 to −1.88 (−1.25 on average), implying a 1% increase in annual potential evapotranspiration inducing a 0.59-1.88% decrease in annual runoff, and the catchments with relatively high potential evapotranspiration elasticity also have relatively dry climate (aridity index E 0 /P > 1). This implies that a change in actual evapotranspiration and thus the change in runoff are more sensitive to perturbation in climate conditions in dry regions than in wet regions. The landscape elasticity (ε n ) ranged from −0.45 to −1.51 (−0.89 on average), implying a 1% increase in annual parameter n inducing 0.45-1.51% decrease in annual runoff. It was found that the high absolute values of ε n were associated with relatively high values of E 0 /P (i.e. high aridity index) in these sub-catchments, implying that catchment runoff change is more sensitive to landscape change in relatively dry catchments in the Huaihe Basin. These results are summarized in Table 1 .
Attribution results of the catchment runoff change
According to breakpoint analysis, the hydrological series was divided into two periods. The mean annual runoff, precipitation and potential evapotranspiration, and the parameter n in the two periods were then calculated. Table 3 shows the changes in climate, landscape (represented by parameter n) and the water diversion between the two periods, as well as the runoff change induced by them.
Based on the estimated elasticity of runoff and the changes in mean annual precipitation, potential evapotranspiration and parameter n from Period 1 to Period 2 (see Table 3 ), the runoff changes caused by the change in P, E 0 and n were estimated using equations (14b), (14c) and (14d), respectively. As shown in Table 3 , it could be seen that a decrease in potential evapotranspiration had a slightly negative contribution to the runoff decrease, while a decrease in precipitation had a significantly positive contribution to the runoff decrease. Precipitation decrease contributed to the catchment runoff decrease by 27.6-103.9% (72.7% on average), in which more than 50% of the contributions were found in 10 of the 14 sub-catchments (1-6, 9-10, 13-14). Increase in parameter n contributed to the runoff decrease by 9.1-80.7% (30.8% on average), with three of the 14 sub-catchments (1, 13-14) greater than 50%. Water diversion from sub-catchments 7-10 contributed to the runoff decrease by 20.3-40.3% (30.1% on average).
The impacts of the above changes in climate and landscape on catchment hydrology can be explained by the Budyko curve. Figure 5 shows the mean annual evapotranspiration ratio (E/P) and the mean annual runoff coefficient (R/P) versus mean annual aridity index (E 0 /P) in the Budyko framework using data in the two periods for the 14 sub-catchments, for assumed values of n. The hollow points and solid points represent the water balance status for the 14 sub-catchments in the two periods. As the sub-catchments became drier and drier (aridity index E 0 /P becoming larger), the evapotranspiration ratio (E/P) increased (Fig. 5(a) ) and thus the runoff rate R/P decreased from Period 1 to Period 2 (Fig. 5(b) ). The changes in evapotranspiration ratio (E/P) are caused by the changes of climate (φ ¼ Table 4 . By the ratios of Δ relative effects of climate change and human activity can be clearly seen. This implies that climate change is a driving factor for catchment runoff decrease in all the sub-catchments. In some sub-catchments (3-6) the catchment water balance status change from Period 1 to Period 2 is almost parallel to the Budyko curve, which means that there was little change in landscape (represented by the parameter n). Therefore, the runoff decrease was primarily controlled by climate change. However, in some other sub-catchments (13-14) the catchment water balance status changed crossing the Budyko curve from Period 1 to Period 2, which indicated that catchment landscape change induced by human activities made significant contribution to the reduction of runoff.
Human influence on runoff decrease and its spatial variability
Assuming the catchment topography, soil and geology remaining unchanged, the landscape change (as represented by the parameter n) can be mainly from the water resources development and land use/cover change Figure 5 . (a) Distribution of mean annual evaporation ratio (E/P) versus mean annual aridity index (E 0 /P) and (b) distribution of mean annual runoff coefficient (R/P) versus mean annual aridity index (E 0 /P) by using the data in two sub-periods (before/after the breakpoint of river runoff) for 14 sub-catchments. Table 4 . Degree of deviation from Budyko curve induced by climate variation and human activities. induced by human activities. Thus, the change in parameter n mainly reflects the influence of human activities in the region. An understanding of the impact of landscape change caused by human activities on runoff change in the past is important for future water management. As demonstrated in Fig. 4 and Table 3 , the annual precipitation decrease had the dominant contribution to the annual runoff decrease in most sub-catchments of the Huaihe Basin. However, the major causes for the significant reduction of the river runoff in sub-catchments 7, 8, 13 and 14 are the influence of human activities rather than the precipitation decrease. In the case of the contributions from climate variability and human influence, the spatial variability across the basin becomes important.
There were relatively few changes in annual runoff at the six hydrological stations located on the main stream (1-6), and without a significant runoff breakpoint. Figure 4 shows the spatial gradient of the relative contributions of climate variability and human activities to runoff decrease from upstream (6) to downstream (1). The contribution of precipitation showed a decreasing trend while the contribution of human activities showed no significant direction from upstream (6) to downstream (1). But contribution of human activities in catchment 1 was the greatest among the six sub-catchments (1-6) which was due to the largest drainage area and thus the most human activities. In general, annual runoff variation was not so dramatic in the main stream (1-6).
In the four sub-catchments in the southern part of the Huaihe Basin (catchments 7-10), runoff change had a relatively higher variation ranging from 58.0 to 133.1 mm, and two of the four sub-catchments had significant runoff breakpoints (catchments 7 and 8). Water diversion has made a substantial contribution (20-40%) to runoff decrease.
In the four sub-catchments in the northern part of the Huaihe Basin (catchments 11-14), runoff change had a variation ranging from 38.4 mm to 71.1 mm taking up about 21-52% of annual runoff. Three of the four sub-catchments (catchments 12-14) had significant runoff breakpoints. Human activities made a significant contribution to runoff reduction in these four sub-catchments, especially in catchments 13 and 14. Agriculture irrigation was the major reason for the catchment landscape change and subsequent runoff decrease because of the large area of uplands and paddy fields in these regions. From Table 5 , it can be seen that the proportion of uplands and paddy field in these catchments ranged from 68% to 73%. The more irrigation is being applied, the more water is likely to be consumed by crops than without crops. Thus catchments with a larger fraction of cropland could easily lead to more water consumption and less runoff. In addition, catchments with large areas of irrigated cropland are likely to have enhanced evapotranspiration, thus leading to lower mean annual runoff. But the contribution of landscape change in sub-catchments 11 and 12 were not as great as in sub-catchments 13 and 14, probably due to the smaller drainage areas.
The study also showed that runoff reduction caused by precipitation change in the north was less than in the south generally. Although the sensitivity of runoff to climate variation is greater in drier catchments, the perturbation in precipitation was more intense in more humid catchments in this study basin, which eventually lead to such spatial variability of runoff reduction caused by precipitation change.
There was a slight increase in NDVI values over the whole basin during the past 30 years (see Fig. 6 ). Wang et al. (2013) also reported a similar increasing trend in most areas of the Huaihe Basin during the period 1999-2007 using SPOT-VGTNDVI data. The reason for NDVI increase may be due to the national soil-water conservation policy since 1999 and the agriculture irrigation, although, according to Fig. 5 , the climate became drier (aridity index increased) in the basin. The slight increase in vegetation caused by afforestation and agriculture irrigation could lead to a slight increase of evapotranspiration which might be another reason for the runoff reduction. In addition, changes in NDVI were more significant in the north of the Huaihe Basin than those in the south, as shown in Fig. 6(c) . Meanwhile, these sub-catchments in the north of Huaihe Basin that have undergone more dramatic vegetation change were found to be more strongly influenced by human activities.
In general, there were no significant changes in annual runoff in the main stream of the Huaihe Basin in the past 50 years, whereas runoff in the southern and northern sub-catchments had undergone relatively greater changes. It may be concluded that human activities, especially irrigation, water diversion and afforestation, were significant driving factors for catchment runoff decrease in sub-catchments of the Huaihe Basin in the past 50 years. Similar research by Xu et al. (2014) showed that runoff decreases by 26.9% and 73.1% on average were, respectively, due to impacts of climate variation and land use/cover change in the Haihe Basin. Comparing the results in the Huaihe Basin (with relatively wet climate) and the Haihe Basin (with relatively dry climate), it is seen that catchment hydrology is more sensitive to human activity in the dry climate region than in the wet climate.
Concluding remarks
In this study, an attempt has been made to quantify the impacts of human land-water development and climate variation on the observed river runoff reduction in the Huaihe Basin, the sixth largest basin and an important agricultural area in China, where the relative contributions of climate variation and human influence to the observed changes in runoff remain unclear. The spatial variability of hydrological impacts from the climate variability, landscape change and water diversion within the study basin is also explored. From the results of this study, the following conclusions can be made:
• The annual runoff had statistically negative trends ranging from −0.13 to −1.99 mm year -1 at all 14 of the hydrological stations in the basin, with one station showing significant gradual decrease and four stations with significant abrupt decreases of river runoff. The reductions of runoff were more intense and significant in the southern and northern tributaries.
• Runoff changes were more sensitive to climate variation and landscape change in relatively dry regions in this study basin, but runoff reductions caused by precipitation were greater in relatively humid regions because of the more intense perturbation in precipitation.
• Precipitation decrease was the dominant contribution to the annual runoff decrease at all hydrological stations, but significant reduction of the annual runoff was mainly caused by human water diversion, agricultural irrigation and afforestation in the Huaihe Basin.
• Spatial variability of hydrological change was also related to different types of human activities. Water diversion played a significant role in runoff reduction for the southern sub-catchments, while agriculture irrigation was the dominant driving factor in the northern sub-catchments.
The study points to the conclusion that human influence was a significant driving factor for catchment runoff decrease in the Huaihe Basin in the past 50 years. However, uncertainty remains regarding the details of landscape change caused by climate change and different types of human activities. Identifying likely future states of runoff is difficult under changing climate and eco- socio-environment. Differentiating the impacts of nature and human-induced changes on hydrology and water availability is increasingly needed to enhance the ability for better management of water resources.
